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Abstract 
Power system steady-state security analysis plays an important role in power system planning and 
operation. As power systems grow in their size and interconnections, their complexity increases. 
For secure operation and control of power systems under normal and contingency conditions it is 
essential to provide solutions in real time to the operator in Energy Control Centers (ECC). Power 
system security refers to the capability of the electric power system to withstand contingencies. 
Slnce the configuration of electricity supply industry around the globe is changing rapidly, the 
issue of maintaining security of systems needs to be addressed. 
Security analysis is one of the main functions that are performed at modem control centers. As 
systems tend to operate closer to their operational limits, contingency analysis plays an 
increasingly important role as far as power systems security is concerned. It is crucial to identifjr 
the contingencies that would lead the system to abnormal or close to critical operating conditions. 
For realistic, large systems, the number of probable contingencies is very large, so a detailed 
analysis for all of them becomes impractical for real time operation purposes. A well-accepted 
procedure has been to perform a contingency selection prior to the contingency analysis itself. 
Contingency selection consists of computing near practical post-contingency operating conditions 
for a list of predefined contingencies and ranking them according to some criterion, so that only 
the most severe ones undergo contingency analysis. 
As the bulk transmission systems will have to be operated progressively closer to its performance 
limits, particularly under critical outage conditions at times of peak demand, voltage related 
operational problems on power systems are of increasing concern as potential causes of system 
disruption. The complexity of power system structure leads to the necessity in setting of counter 
measures in order to ensure security of the systems. 
Voltage stability has become a significant concern in power system operation and planning in the 
past two decades. Several systems have experienced severe blackouts due to voltage instability 
problems. Basically the power system operation point falling outside its stability region causes 
voltage collapse. Even though stability studies in general require a dynamic analysis, static 
analysis methods have been widely used for voltage stability analysis, due to its own 
characteristics, and practical significance. 
The use of intelligent fuzzy logic processing is increasing in power system problems. Many 
promising applications have been reported in the broad fields of system control, optimization, 
diagnosis, information processing, decision support, system analyses and planning. In this thesis, a 
fuzzy logic approach has been developed for network contingency ranking. The fuzzy approach is 
based on composite criteria, which use voltage stability indices at the load buses as post contingent 
quantities, in addition to line loading and bus voltage profiles. Each post-contingent quantity is 
assigned a degree of severity according to the potential damage that could be imposed on the 
power system. With the degree of severity for each quantity in a contingency case described by a 
fuzzy set, a set of fuzzy reasoning procedures are developed to generate the overall degree of 
severity of each contingency case. 
The increased demand for electric power requires increased transmission capabilities. Electric 
utilities are forced to operate the system in ways which make maximum use of existing 
transmission facilities. Consequently, voltage instability poses a primary threat to system security 
and reliability. The recently developed Flexible AC Transmission System (FACTS) technology 
provides a way to relieve the stability problem imposed by increasing load demand. FACTS 
controllers provide fast and reliable control over the three main parameters, i.e., voltage 
magnitude, real and reactive power. For this reason, control of FACTS devices has received 
greater attention in power system stability enhancement. The FACTS controllers, on the other 
hand, are being increasingly used to provide voltage and power flow control in many utilities. 
Their application to improve voltage stability margins in highly developed networks is well 
documented. 
Among the existing FACTS devices, the Static VAR Compensator (SVC) has been effectively 
used to provide voltage stabilization at critical system locations. Other emerging technologies such 
as the Static Synchronous Compensator (STATCOM), and the Universal Power Flow Controller 
(UPFC) will provide significant benefits, both in terms of extended voltage stability margins and a 
greater operating flexibility. In this thesis, voltage stability improvement with Unified Power Flow 
Controller (UPFC) under normal operation and network contingency has been presented. 
This thesis explores the application of UPFC device to improve system security/voltage stability in 
electric power systems under the selected network contingencies. A systematic methodology to 
determine the best locations for UPFC devices is proposed. It is shown that the UPFC can 
significantly enhance voltage stability, while providing adequate steady state voltage and reactive 
power control. 
HVDC transmission has also become an effective alternative to feed electrical power into large 
load centers. A phenomenon that is of great concern in the operation of INDC systems is voltage 
stability. Further, reactive power optimization has grown in importance due to exploitation of 
power generating sources at remote places and inclusion of long EHV AC as well as DC 
transmission networks in the system. 
In this thesis, an algorithm based on sequential approach has been developed for optimization in a 
coordinated manner in ACDC system. The algorithm for reactive power optimization has been 
developed using Linear Programming technique. The objective h c t i o n  has been selected as the 
minimization of the sum of the squares of voltage stability indices in the system. All possible 
reactive power control variables viz., transformer tap settings, generator excitation settings and 
switchable VAR compensators are considered as control variables. A systematic approach to the 
coordinated distribution of reactive power in transmission system has been simulated on a practical 
power system. 
In a power system, there are many factors which contribute to the improvement of the 
stability/power margins; generator output is without doubt an important one. The stability/power 
margins will vary according to different generator output, and they can be greatly improved by 
properly adjusting the generator outputs for the existing load under normal operation and network 
contingency. So the concept of desired load sharinggenerator pattern is defined to reflect the 
dispatch of generator outputs under normal operation and network contingencies. This thesis 
proposes a new method to increase a power system's security margin by re-dispatching generator 
outputs. Basic ideas for a method where the active power production is rescheduled to increase the 
loadability of the power system, and to improve both voltage stability and angular stability are 
presented. 
Modem power systems require operation in a secure status especially in a competitive electricity 
market. Power system security is an essential issue in electricity market planning, operation and 
management. In an open access environment, transmission constraints can result in different 
energy prices throughout the network. These prices are, in fact, dependent on a number of factors 
such as the generating unit bid, the system load level, the network topology and the security limits 
imposed on the transmission network due to thermal, voltage and stability considerations. 
Computing these energy prices at all buses in large transmission networks under given system 
operating conditions can be time consuming. The pricing system of electricity plays an important 
role in a competitive market environment. Especially, nodal pricing has become one of the most 
popular modes for energy pricing. 
In this thesis, a method to obtain the best bilateral contract transactions and generation levels from 
the point of view of minimizing total transmission losses and improving system stability margins 
has been proposed. Only real power transaction is considered, based on the assumption that 
reactive power could be compensated locally. The proposed method allocates the transaction 
charges over the participants/contracts based on the relative electrical distance, i.e., the relative 
locations of load points with respect to the generator points in open access. 
With the advent of open transmission systems, companies that own transmission facilities must 
have a means to charge for transmission services rendered. A simple tariff for the transmission 
based on average costs is not efficient. Therefore, a variety of means of assessing these costs have 
been proposed. They fall into three broad categories, marginal cost methods, embedded cost 
methods and combined marginaljembedded methods. 
In this thesis, a usage-based transmission cost allocation method for a given network for different 
possible combinations of power contracts for a given load and generation conditions is presented. 
To determine the individual participant's impact on the transmission line, the line utility factors 
(LUFs) between a source and sink are developed. The proposed method allocates the transaction 
costs over the participants/contracts in proportion to the ratio of power flow caused by each 
participantJcontract and the total power flows on a designated transmission line. The main 
advantage of the developed method lies in its capability to consider multiple contracts/transactions 
simultaneously. 
Studies have been canied out for various practical Indian power networks under simulated 
conditions. Results obtained for a modified EEE 30-bus system, BEE New England 39-bus 
system and five real life Indian power networks of 11-bus EHV system, 24-bus EHV system, 36- 
node EHV system, 96-bus AC-DC system and 205-bus interconnected system are presented for 
illustration purposes. The results obtained by proposed algorithms and methods have bee compared 
with those of conventional techniques. It is observed that the proposed algorithms and methods 
give acceptable solutions and found to be suitable for implementing in modem power system 
planning and operation. 
